Introduction
============

Case definitions form an important part of standardized systems for public health surveillance. They can be used in the reporting of the conditions under surveillance, the monitoring of geographical and temporal variations in prevalence, the detection of the increases in incidence that may be indicative of outbreaks and the evaluation of the effectiveness of control and response efforts. By permitting valid comparisons across time and between data from different locations, the use of standard case definitions can improve the usefulness of data generated by a surveillance system.[@R1] In general, case definitions for infectious diseases need to be concise and uncomplicated if they are to be useful for, and useable by, all the health-care providers, laboratory staff and public health personnel involved in case reporting.

The usefulness of a case definition depends on the characteristics of the condition of interest, the characteristics of other conditions with which the condition of interest may be confused and the objectives of any surveillance on the condition of interest. Ideally, a case definition would be based on a combination of signs, symptoms and results of laboratory tests that uniquely characterizes the condition of interest. The definition would also be easily applicable. Unfortunately, ease of use tends to decrease as specificity increases and there often needs to be a trade-off between the sensitivity of a case definition and its specificity. The importance of a definition's specificity, relative to its sensitivity, depends on the definition's intended use. For example, sensitivity may be particularly important in evaluating the size of an outbreak, when the number of missed cases needs to be minimized. In research, however, it may be more important to minimize the number of false positives enrolled by using a case definition that is particularly specific.

Although a fixed case definition can facilitate valid comparisons of disease occurrence over long time periods, case definitions may often be revised to improve their sensitivity and/or specificity.[@R1] The relative values of the clinical, epidemiological and/or laboratory criteria used for case definitions may change over time. For example, an emerging new pathogen could prompt multiple revisions of a case definition.[@R2]^,^[@R3] Further, case definitions have also been modified to enhance their sensitivity across a wider age range of individuals[@R4] or to make use of novel diagnostic tests that improve the detection of the disease-causing pathogen.[@R5]^,^[@R6] In other instances, the language used in a case definition has been simplified and/or an attempt has been made to reduce multiple definitions for the same condition to a single global one.[@R7] The case definitions for infection with the human immunodeficiency virus and acquired immunodeficiency syndrome were revised multiple times between 1982 and 2014, to reflect new knowledge about the syndrome and the isolation of the virus and to include laboratory testing.[@R8]

In the revision of any case definition there needs to be careful deliberation over how the available relevant evidence can help balance the sensitivity and specificity of the definition in such a way that the objectives of any related surveillance can be met. In 2011, the World Health Organization (WHO) launched an initiative to develop global standards for influenza surveillance, including a global case definition of severe influenza. This initiative was, in part, a response to the 2009--2010 H1N1 influenza pandemic. Below, as an illustration of case definition revision, we discuss the process followed in revising WHO's case definitions for both influenza-like illness (ILI) and severe acute respiratory infection (SARI).

Impetus for change
==================

Since 1999, WHO has recommended a case definition for ILI that can be used for public health surveillance, to monitor the seasonal variations of influenza activity and to identify the best patients to be included in virological surveillance.[@R9] The 2009--2010 H1N1 pandemic, however, prompted the further evaluation of the objectives of influenza surveillance in and after 2010 and the examination of whether the case definitions existing in 2010 could be improved to strengthen the usefulness of the surveillance framework and pandemic-preparedness efforts. The appearance of human infections with novel influenza viruses further supported the need to monitor severe influenza-related diseases and understand influenza-associated disease severity and burden more fully. Prior to the 2009--2010 pandemic, no global standard for SARI had been developed for wide implementation. The lack of standardization in case definitions and lack of a systematic approach to the surveillance of mild and severe influenza greatly hampered efforts to monitor and understand the burden and severity of the 2009--2010 pandemic in the global context.

A global standardized case definition for influenza is essential if we are to make valid comparisons of surveillance data collected in different areas of the world. To be very useful in surveillance, an ILI case definition needs to be based on simple criteria, yet have levels of sensitivity and specificity that permit accurate estimates of influenza disease burden and permit influenza to be distinguished from other respiratory illnesses.[@R10] The largest challenge for influenza surveillance is that the symptoms of influenza are nonspecific.

A conclusion of several evaluations of the specificity of WHO's 1999 clinical case definition for influenza was that the definition needed to be revised to enhance its specificity for influenza detection.[@R11]^--^[@R14] In 2010, only 31 of the 105 countries that participated in a WHO survey of national influenza centres reported using this definition.[@R15] An earlier investigation of influenza surveillance across western Europe had revealed that case definitions varied between countries.[@R16]

In a global consultation in 2011, WHO outlined how influenza surveillance should allow influenza seasonality to be evaluated in each country and allow the start of the influenza season to be announced. Surveillance should also establish and monitor baseline trends in ILI and SARI, so that annual changes in severity can be followed and provide data that can be used to understand disease burden and the impact of influenza in relation to other diseases. In addition, it should identify and monitor the groups at high risk for severe disease, so that priorities for the use of resources can be set.[@R17] WHO specified that influenza surveillance should also be used to provide virological data and so help in: (i) identifying locally circulating types and subtypes of influenza viruses and their relations to global and regional patterns; (ii) describing the antigenic character and genetic makeup of circulating influenza viruses; (iii) monitoring antiviral sensitivity; (iv) understanding the relationship between virus strain and severity; (v) providing candidate viruses for vaccine production; and (vi) providing information for vaccine virus selection.[@R17]

In the 2011 consultation, to strengthen surveillance standards, WHO reviewed the relevant evidence from research studies and the recommendations of technical experts conducting influenza surveillance. To meet WHO's recommendations, the sensitivity and specificity of the case definition of influenza needed to be high and the language used needed to be simple enough to remove any ambiguity in the interpretation of the criteria.

Process of change
=================

Influenza-like illness
----------------------

In the guidelines to the 1999 case definition, clinical influenza was defined as "a sudden onset of fever, a temperature \>38°C and cough or sore throat in the absence of another diagnosis".[@R9] When this definition was used, the occurrence of ILI in a community generally correlated with the seasonal levels of transmission of influenza virus.[@R10] However, the sensitivity of the definition was generally only about 60% and its specificity ranged from 0%, e.g. when there was little circulation of influenza virus, to 60--90%, e.g. during each main influenza season and the 2009--2010 influenza pandemic.[@R11]^,^[@R12] In studies conducted before WHO's 2011 consultation, the most predictive symptoms of influenza were found to be cough, fatigue, fever and myalgia.[@R11]^--^[@R14]^,^[@R18]^,^[@R19] As sore throat had been identified as a negative predictor of influenza[@R13]^,^[@R17]^,^[@R19] and been found hard to diagnose in young children, it was omitted from the clinical case definition of ILI proposed in 2011.[@R17] The criterion "absence of another diagnosis" was also omitted because its inclusion in the 1999 definition had resulted in the exclusion of ILI cases with underlying chronic conditions, e.g. asthma and congestive heart failure, that can influence influenza risk. The criterion "sudden onset of fever" was changed to "acute respiratory illness" in order to capture a more general syndrome. A time frame was specified to distinguish between old and new symptoms and to capture acute disease onset. The initial proposal was for a time frame of seven days from symptom onset[@R17] but this was subsequently revised to 10 days to match the time frame for SARI. Finally, the measured fever component of the definition was changed from "\>38°C" to "≥ 38°C" to account for the physicians and record-keepers who would round down slightly higher temperatures to 38°C. The proposed clinical case definition of ILI therefore became "an acute respiratory illness with a measured temperature of ≥ 38 °C and cough, with onset within the past 10 days".

The proposed changes to the ILI case definition should result in enhanced specificity without greatly compromising the definition's sensitivity ([Box 1](#B1){ref-type="boxed-text"}). These changes allow for a better alignment of the case definition of ILI with that of SARI. They also clarify some aspects of the previous ILI case definition that could be misinterpreted by health-care providers, including those working in sentinel sites and national influenza centres and influenza epidemiological unit surveillance officers.

###### Revision^a^ of clinical case definition for influenza-like illness, 2011

### Omit "sore throat"

Rationale: Studies have shown a lack of association between a sore throat and influenza in individuals with respiratory disease. Sore throat is also difficult to assess in infants.

### Omit "absence of another diagnosis"

Rationale: The change prevents the exclusion of cases with underlying chronic conditions, such as asthma or chronic lung disease, which are risk factors for severe influenza.

### Change "sudden onset of fever" to "acute respiratory illness"

Rationale: New term encompasses a broad, well-known syndrome and relates the definition to a clinically recognized condition.

### Add a timeframe, of ten days from symptom onset

Rationale: Helps capture acute illness and distinguish new illness superimposed on old.

### Temperature of measured fever changed from "\> 38 °C" to "≥ 38 °C"

Rationale: Captures individuals with temperatures that, although above 38 °C, are recorded as 38 °C by clinicians and record-keepers who round down such temperatures.

### Result

"An acute respiratory illness with a measured temperature of ≥ 38 °C and cough, with onset within the past 10 days".

^a^ Compared with corresponding definition published in 1999.[@R9]

Severe acute respiratory infection
----------------------------------

Before 2011, a global-surveillance case definition of SARI did not exist. Three WHO Regions had independently developed their own definitions before the 2009--2010 influenza pandemic. These definitions were based on the case definition published by the Pan American Health Organization in 2005,[@R20] which, in turn, was based on criteria set, as part of the integrated management of childhood illness strategy, for pneumonia and severe pneumonia ([Box 2](#B2){ref-type="boxed-text"}). For children younger than five years, the strategy's criteria for pneumonia were considered relatively nonspecific for radiographically confirmed pneumonia. They were considered acceptable for use in the definition of SARI as they would capture both pneumonia caused by influenza and other respiratory diseases related to influenza, e.g. an exacerbation of asthma triggered by influenza and requiring hospitalization.[@R21] By 2011, the definitions developed by the integrated management of childhood illness strategy were already widely in use and could be adapted to cover hospital-based influenza, i.e. the severe end of the influenza-related disease spectrum, including those patients that did not have associated pneumonia. Severe influenza without pneumonia represents a substantial proportion of the burden posed by hospitalized influenza patients.[@R21]^,^[@R22]

###### Criteria previously used in regional definitions of severe acute respiratory infection

Among individuals aged above five years, the criteria used were those for pneumonia in this age group, i.e. sudden onset of fever above 38°C, cough or sore throat, shortness of breath or difficulty breathing, and requiring hospitalization.

Among individuals aged between two months and five years, the criteria used were either those for pneumonia in this age group, i.e. cough or difficulty breathing and a breathing rate above 60, 50 and 40 breaths per minute for those younger than two months, between two and 12 months and older than 12 months, respectively, or those for severe pneumonia in this age group, i.e. cough or difficulty breathing, requiring hospitalization and showing at least one of five danger signs.^a^

^a^ The five danger signs were: unable to drink or breastfeed; vomiting everything ingested; having convulsions; being lethargic or unconscious; and showing chest indrawing or stridor while calm.

During the WHO's 2011 consultation, the consensus among countries conducting surveillance of severe influenza was that it was desirable and most practical to have one definition of severe illness for all age groups.[@R17] Although the integrated management of childhood illness strategy's case definitions might have some use in this context, they are intended for clinical management in outpatient clinical settings[@R23] and are generally not used by physicians in those hospitals where SARI surveillance is focused.

In 2011, in discussions involving the development of criteria for a case definition of SARI, concerns were raised about use of the pneumonia symptoms "shortness of breath" and "difficulty breathing".[@R17] Both of these symptoms are difficult to quantify and are often misinterpreted to include conditions such as nasal obstruction. Moreover, substantial shortness of breath only occurs as a late sign in the course of respiratory infections and inclusion of this symptom could therefore reduce the sensitivity of the definition.[@R24]

In the pneumonia case definition, the clinical sign "measured fever" was considered too restrictive for hospitalized patients, especially for capturing those patients who may have taken antipyretics to reduce fever, patients who do not present with fever, as often seen in adults, and those who have progressive illness from ILI. "Measured fever" was therefore changed to "measured fever ... or history of fever". This change aimed to improve the sensitivity of the definition among hospitalized patients and allow more potential influenza cases to be identified for laboratory testing, and so allow the capture of a larger proportion of the disease burden due to influenza viruses ([Box 3](#B3){ref-type="boxed-text"}).

###### Development^a^ of a new case definition of severe acute respiratory infection, 2011

### Drop use of separate criteria for pneumonia and severe pneumonia among children aged \< 5 years

Rationale: Use of a single SARI case definition for all age groups simplifies implementation. The IMCI case definitions represent a clinical management tool and not very suitable for surveillance.

### Drop "shortness of breath" and "difficulty breathing"

Rationale: These symptoms are not sufficiently specific, do not add to the accuracy of the definition and are often misinterpreted.

### Add "history of fever"

Rationale: This allows for the inclusion of cases that have taken antipyretics that could have reduced fever and those, such as many older adults and the chronically ill, that do not have fever when admitted.

### Increase time frame between symptom onset and presentation from seven days to 10 days

Rationale: SARI cases that present between seven and 10 days after symptom onset appear no less likely to be laboratory-test-positive for influenza as those that present closer to symptom onset. Increasing the time frame to 10 days should therefore allow more cases to be captured, without markedly increasing the use of resources.

SARI: severe acute respiratory infection.

^a^ Compared with previous regional definitions based on the criteria used by the Integrated Management of Childhood Illness strategy ([Box 2](#B2){ref-type="boxed-text"}).

Lastly, as with the most recent version of the ILI definition, "onset within the past 10 days" was added to the most recent version of the SARI definition ([Box 3](#B3){ref-type="boxed-text"}). Although a period of seven days was originally considered,[@R17] a review of available data indicated that patients with SARI that presented between seven and 10 days after symptom onset were no less likely to be laboratory-test-positive for influenza, as those that presented closer to symptom onset (E Dueger, United States Centers for Disease Control and Prevention, unpublished data, 2013; MT Olivera da Costa, Belo Horizonte Municipal Health Secretariat, unpublished data, 2013).[@R24]^,^[@R25] Extending the period to include patients within 10 days of symptom onset allowed more influenza cases to be captured, without sacrificing specificity. The proposed clinical case definition of SARI, among all age groups, therefore became "an acute respiratory illness with a history of fever or measured fever of ≥ 38 °C and cough, with onset within the past 10 days, requiring hospitalization". To simplify the implementation process, the same criterion, i.e. "onset within the past 10 days", was subsequently used in the case definitions of both ILI and SARI.

Practical implications
======================

Since the WHO's recommendations for the revision of the case definition of ILI,[@R17] several studies have examined the best predictors of influenza virus infections that are appropriate for all age groups. The results of these studies supported the use of the simplified criteria of "cough" and "fever" in, and the removal of "sore throat" from, the clinical case definition of such infections.[@R26]^--^[@R30] When the performance of the 2011 WHO case definition of ILI was compared with that of three corresponding definitions, one developed by the European Centre for Disease Prevention and Control, one developed by the United States Centers for Disease Control and Prevention and one developed in Taiwan, China, the WHO definition was found to have the highest specificity.[@R28]^,^[@R30]

In a study conducted among hospitalized patients in rural India, addition of reported "history of fever" to a case definition of ILI that already included "measured fever", improved sensitivity, but reduced specificity.[@R29] Without "history of fever", the definition gave poor sensitivity, particularly among patients younger than five years. Along with cough, measured and/or reported fever were considered to provide the best balance between sensitivity and specificity among the study population.[@R29]

In a Ghanaian study, performance of the 2011 WHO case definition of SARI was evaluated in both young and old hospitalized patients. In this study, 98% of the influenza cases with SARI presented with cough and current fever and/or history of fever.[@R31] The accuracy of influenza identification was investigated among hospitalized patients in Kenya using case definitions of both SARI and pneumonia.[@R32] Compared with the pneumonia definition, the SARI case definition gave higher sensitivity and lower specificity when applied to patients younger than five years and it gave higher specificity when applied to older patients. Since, for influenza surveillance, the performance of the pneumonia definition appeared generally similar to that of the SARI definition, it was suggested that hospital-based influenza surveillance could be integrated within the existing platforms for pneumonia surveillance.[@R32]

As the separation of influenza from other respiratory virus infections remains a challenge, any attempt at influenza identification that is based on a so-called one-size-fits-all approach will have its shortcomings.[@R33] This is especially true when estimating the burden posed by influenza in all age groups. Although fever has been shown to be the one of the most predictive symptoms of influenza, it occurs in many other common respiratory diseases, particularly among young children.[@R28] By expanding the SARI case definition to include history of fever, more young children infected with non-influenza respiratory viruses may be mis-identified as cases of influenza. As young children infected with influenza viruses do not present with some of the symptoms that, in adults, are useful clinical predictors of such infection, the use of the latest case definition of SARI for influenza surveillance among such children needs to be very cautious.[@R34] This is particularly true during the peak in the influenza season, which tends to coincide with a peak in the circulation of other respiratory viruses. For the detection of infections with influenza viruses in children younger than five years, it may be advisable to use a tailored case definition, e.g. one that uses a higher temperature cut-off for fever[@R28] or includes rhinorrhea or other additional respiratory symptoms[@R35], to increase specificity.

The age-specific differences observed in the distributions of influenza virus subtypes[@R28] may be only partially responsible for the age-related differences observed in health-seeking behaviour, following infection with an influenza virus.[@R36] Such variation and the issue of infections with non-influenza respiratory viruses being confused with influenza, may lead to substantial sampling bias in attempts to follow influenza epidemiology on a national scale. Infections with respiratory syncytial virus have been shown to decrease the performance of a WHO clinical case definition when that definition was used for influenza surveillance.[@R34] One aim of a global surveillance scheme for respiratory syncytial virus that is being developed by WHO is to assess the potential adverse impact of the virus on existing ILI and SARI surveillance.[@R37]

The primary goal of influenza surveillance is not to capture every influenza case, but to follow patterns in transmission and disease burden and changes in the influenza viruses that are circulating. Although WHO recommends the use of the ILI and SARI case definitions that resulted from the 2011 consultations and were finalized in late 2011, it does not necessarily advise against the use of other definitions, so long as they are broader and do not screen out any individuals who would otherwise have been screened in. Now more than ever, the pandemic threat posed by novel respiratory viruses underscores the need for a robust global system of influenza surveillance, based on global case definitions.
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